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ABSTRACT 

Q Investigators in this study looked* for conditions 

•that can rapidly establish continuous stimulus control of continuous 
response ^,aria"^ions# or "response mapping." Unlike^ previous research' 
in stimu!wis control^ where' a single stiifftalus cones to control. a 
siftgle response, 36 5-year-old children received errorless * ^ 
discrimination training at three points along a circle*-to-ellipse 
continuum following one of two different ^retraining conditions which 
showed no difference in later' acquisition. They were then tested on 
two stimuli intermediate between two of the trainitig stimuli. 
Subjects were divided into two test* grbiips-and tested under 
conditions, in which (1) the , correct response bore a spatial 
relationship to the ordering* along the continuuln, or (2) the spatial 
location of the correct response key bore a constant but unordered' 
relation to the stimuli; Subjects learning the ordered test acquired 
the new test responses faster than those in^the unordered condition. 
Discussion of the results considered 'the effect of discrimination 
training, the errorless procedure, and* response-produced feedback. 

(Author/SB) V . 
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*^ Abstract - * ' 

. . » / 

Uftlike previous rcscarcji in stimulus control, where a single stimulus 
conjes to contr^ a single response^ this study looked for (Tonditions that 
can rapidly establish continuous stimulus control of continuous response-r*e> 
variations, or ".response xjnapping. " Fivp-year-old children received^ 
errorless discrimination training at t}\ree points along a circle-to-ellipse 
continuum following one of two different pretrainmg conditions which 
showed no -difference in^ later* acquisition. They were then tested on two 
stimuji intermediate between two of the training stimuli. Subjects were 
divided into two test ^jroups and tested under conditions in which^a)^Jhe 
correct responses bore a spatial relationship to the ordering along the 
continuuiVi, or (b) the spatial location of the correct-^response key bore a 
constant but unordered relation to the\timuli. Subjects learning the 
ordered test acquired the n\>w. test responses faster than those in the 
unorderetl condition. Discussion of the results considered the effect of 
discrimination training, the errorless procedure, and response-produced 
.^feedback. ^ ^ ^ • . 

a 
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E,fTAB\lSHING A CONTINfOUS REPERTOIRE . 

' ' ' / 

IPamcla Meadowcroft and JanTes G. Holland iS 



Learnin^i Research and Development Center. 
University of Pittsburgh 



Many natural behaviors involvu tJic control of a response continuum 

bv a s^timulus <.ontiiuiuni, i or exaniple, to the artist a person's face is a 

I , •> 

complt'X f^untinuurxi of littht and lintSs whi<.h controls the continuous move- 

<*• 

Uivni of the artust's hVush, Die extent to which the artist can distinguish 
the subtle^ than^uh ih light that maku up facial contours determines the 
likuncsb of the portrait to the modeP& face. For every discriminated 
line and subtle change uf light, there is a corresponding brush stroke 
which will nurror this stimulus. PKiying teryiis is another example* «f a 
continuoCls relationship bet^veen stiriiuli and responses. The position of 
an cppoiieul's bod^ is the controlling stimulus for the tennis player's own 
body position. Slight changes in the opponent's position control move- 
ments of the player. When behaviors like these show progressively clif^ 
ferent resppnseb in proportion tu progressively different stimuli, then 
there is a c6ntinuouj> 'repertoire of behavior (Holland ^ Skinner, 1961), 
Drawing from a wOpy, handwriting, playing the violin, singing on kpy, 
ridmg a bicycle, and many other niotor behaviors require continuous 
repertoires for' accurv^te performance. ^ 

As c onuiionplac e as these kinds of beha\rors are, ^we have seldom 
* i - 

attempted an experimental analysis oi their development. Instead, 
resear<.h in stimulus control typically ^.onfines the response^ to a single 
topography, while researcli in response variability leaves the stimulus 
conditions unvaried. Ihe few studies that do measure chan^es'^in 
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response topography as a function of stimulus cliange typically train a few. 
'^responses from a response continuum to a, fe-v stimulus points from a 
stimulus continuum (Boakes, 1^69; Her rastein* van Sommers, '1962; 
Migler, 1964: Wifden;anu S: Holland,^ 1972). Afte^'this training, stimu- 
lus values intermediate to the training ones are expecte4to evoke inter-^ 
mediate responding without the intermediate responses themselves being 
5emforced. in other word's, training fafirly gross contiguous control of 
stimuli ovor grossly different responses shotild generalize to rimilar 
stimuli and responses. This generalization would result in.finer stimulus * 
^control of more subtly varying responses. 

However, close examination of this research ^hows no emergence of 
true intermediate responses and, ther^efore. no'evidence for the em/fgence 
of,a fineY continuous relationship between stimuli and responses. Some 
apparent intermediate responding merely reflects a combining'(5f trained 
responses thae. when averaged, shows an artUactual intermediate response 
(Herrrfstein & van Sommers, 1 962;. Migler, 1964). For example, rats were 
trained in the presence of a slow'clicking noise to switch from one bar to 
another after a 6- second delay; whiU* in the presence of a fast click rate, 
they were trained to'press the two bars with no delay (Migler, 1964), 
During tests with.intermediate click rentes, the average response delay 
was between the 6.second dela^ and no delay. 1-Iowever, a close look at 
each test trial^ showed only one or the other training delay sTthat the'over- 
-all intermediate delay was an artifact of averaged data. Other apparent 
evidence for finer mapping of responses to a stimulus continuum after 
training only a few stimulus and response points is qu&stionable because 
of the possible effects of stimulus dynamism (Boakes^ ,1969). 'Rats again 
were trained to press two bars at various delay s'f^r differVnT inten^ties" 
of light, afjer which intermediate test intensities were presented. Appro- 
priate intermediate response delays did emerge, but only when the brighter 
stimulus valnes corresponded to^shorter delays*'between bar presses. When 
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fast le&ponclin^ or ohovi delayb w^crti rciaforged durini? dimmer stimuli»s 
values, novel, inKMnicdlate stimuli failed to show the emergence of cor- 
. responding Interjiit di«itt' rei>pc)nsc delays. Thus, the apparent Intermedi- 
ate response delays were function oi a relationship between stimulus 
int.ensit> and bpeed of rei> poinding and not due to the development of a con- 
tinuous repertoire. Onc'study with unequivocal results 'trained^ several 
response positions on a continuous long key to several tones, and, con-" 
trolling for any peculiar stimulus dynamism effects and without averaging 
responses, the revolts. showed no Jnterm^jdiate responding in the presence 
of intermediate tones (Wildemann ^ Holland 1972). Vn genaral then, the 
simple training of a few stimulus and'response points\^ not^ sufficient to 

condition a continuous repertoire, that is. finer continues stimulus con* 

• ■ ^ _ 

" rrol than that which is trained. 

'But it Is not nurprising that finer variability in responding^doe'^not 
emerge since during the above trainini; procedures any response intery- * 
mediate to the training responses undergoes extinction which may offset 

. any tendency fot intc rmediate^stimuli to evoke intermediate responses 
during tc^tiag. \Iufi»over, since the typical training procedure requires* 
extensive training, responses are effectively anchored to trained topogra- 
phies, that is. stereotyped responding is enhanced. Some research sug.- 
gests that an errorless procedure., which trains a discrimination rapidly 
(Moore K Cioldiamond. i^64. Pcwers. Cheney, & Agostino, 1970; Terrace, 
1972; Touchetto. J^TT). could reduce this anchoring (Cohe^n, 1967). With 
rapid training and tlie reduction of extinction through an errorless training 
procedure. Uiore response variability may occur w.hich would increase the 
possibility of experimentally demonstrating a continuous repertoire, put 
there is no literature or theoretical basis to presume variations from 
traix:ui?t respoiises would come under the control of nontrained stimuli 

. without I'urtFier training. On the contrary, the evidence t'j date suggests 
that values from a^stimulus continuum come to contioi corresponding 
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responses only af^er axtensive point-by-point training. However,^ this ^ 
sJow cohdltioning is not characteristic of the apparent^rapid acquisition- 
of continuous, repertolr'es in^the nctural environment It s^ms'most un- *" 
likely that each slight move of a pencil in producing a* pattern or a letter 
undergoes^such extensive training. With this apparent rapid acquisition in 
mini, an experimental look at continuous repertoires should abandon test- 
ing new stimuli in extinction. Instead, new stimulus and response corre- 
spondences ivoxn the»training continua ^hould continue to be reinforced. 
The ease, of learning these new stimulus an4 response points under various 
conditions. would teach us much about the development of continuous rela- 
tions between stimulus and response dimensior^s. 

In speculating 631 tlie rapid learning of a continuous repertoire, Holland 
and Skinner (1961) emphasized the role of comparing response -produced 
stimuli (feedback) to stimulus values from the experimental continuum for 
quick, a\itomatic, differential Veinforc/Jment so that any additional stimulus 
and response points could be quickly learned., For example, the precisiotS 
of singing a tune, the match between a sung note and a jorrect notcr de- 
velops from the automatic reinfprcement of hearing one*s own voice." ^This 
reinforcement is differential only to the extent that the sijiger can discrimi- 
nate among the produced notes. TTierefore, the simple training of a few 
notes w*buld n<5t be sufficient to condition a fine-grained repertoire for on- 
jkey singing. Based on the^ theoretical analysis of Holland and Skinner 
(1961), di.vrimination training among ijnusical notes .and produced notes' 
would speed~up-the learning of .accurate on-key, singing^ * * ^ 

This role^ of discriminated sti?n\jli is illustrated by applied v/orlTin 
. * • ' * ^ 

improvmg articulation of speech sounds (Holland & iVlatthews, ,1963). ♦ 

•Children who had speech difficulties with the /s/ sound Were given dis- 

crimination training along this dimension. Observational results; indicated"^ 

^IJontaneous vocalizations of the correct speech sound during discrimina- 

tion^trainin{» and prior to actual production training. Since subjects had \% 



learneci to discriminate between correct and incorrect sounds, they were . 
then able to adjust their produced sound to mtftch the oprrect I si pronuncyla 
tion* Once correct a^d Jncor rect /s/ sounds (Vere disfcrim'.nated, only 
feedback from a correct Isl pronunciation would sOrve as r Aniorcement, 
• This match between the proper sound' and the produced or.feedback sound 
becomes a reinforce r which can then maintain and continue to shape cor~ 
rect pronunciation, 

* ♦ 

• the possible importance of discriminated. feedback as it relates to con- 
tinuous repertoires suggests the n6ed for systematic research. However, 
_ no research has touched on this problem. In keepv^g continuity with previ- 
ous research designs, several'points of correspondence between the experi- 
mental stimulus and response continua should be trained; but in addition to 
.binary, differential reinforcement (au r*einforcer when correct and no rein- 
forcer when incorrect), a feedback stimulus should follow each response* 



^ As in tl'.e above analysis of feedjback, a comparison between the feedback* 
jind sample stimuli could provide a continuum of moi*e precise reinforce- 
ment. ' A * 

Such a continuum of reinforcement should facilitate speedy learning if 
^certain other con^ditions are met. In the previous research, ^he new inter - 
Jtiediate response? were never* reinforced during trajning. Extinction of 
•these responses tna^ retard develd^pment of intermediate*responses and, ♦ 
therefore, extinction might best be avoided if speedy continuous repertoire 
development is the objective* Li addition, the^e typically Has been no dis- 
crimination braining of values from the stimulus contini^um* If nbvcl, inter- 
"mediiitc stimulus values^ a r.e ^imctionally the same as the training values, 
then there is, no jceas^on to ever expect fine'r response mapping toliew 
stin\uU, Furthern^re, without such discrimination, the fee^lback stimuli ♦ 
could not provide fine^guained differential reinforcement Tor a match be.- 
tween the feedback and the sample stimuli* Only when subtle variations i 
in the produced stimiili are discriminated**can tKis feedback provide the 



automatic, .differential reinforcemertt for correspondiiigly suBtle variat*io;i*s 
in responses. The reinforcing^ precision of feedback stimuli is (Ally as gopd 
as the discrimination of the feedback stimuli. Consequently, the establish- 
ment of th^ee dtscriminative s^killsrcorad be crucial k>r thc.rapid learning 
of a continuous relationship between stimuli and-res{^nses. 

From these ^sugg.estions a-clear demonstra«^ of a contihu<ys reper- 

toire may be possible under c^rtain>optimal conditions/ The fallowing 

experiment sets'up Ideal conditions for the laboratory 4eveloprn«^nt of a 

.continuous r pertoire^by first insuring discriminablfc feedback. In^adjli- 

tion»^ extinction during training of intermediate, nontJl^aincd responses. is 
*"'•'.'_• k - 

► prevented, as is ovortrained, stereptyjjed responding'; And finally, if a 

finer continuous repertoi;:e than that which 19 trained Will not emerge^uU- • 

blowh^ but is Instead characterized by mpid leAr^ing of eJich new point/ * 

then testing during extinction is inappropriate,, To measure this rapid 

learning; the present study Jocks at the acquisition of iiew\stimulus and 

response points ^ndeV continued reinforcement,' Under these conditions » 

newi intermediate responses may quickly become contr piled by inter -"^ 

•mediate, novel stimuli, * » • *• ^ * ^ 

■ • ^ ; - ■ > ■ ■ 

Method ^ ■ » ' 

* • 

Subjects " '* , » 

Thirty-six 5-^to 6-year-old childreii^rom an urban school served as 
subjects,, ' ^ ^ ' 

. •"v .... 

Apparat\i8 » , • • ^ • , • v . 1 

'The apparatus was a 20,3 cm x 40, 5 cm;c23 cm black a^id' yellow 
metal box, 7ho upper front of the experimental box had a row of*.thcee 
2, 6 crh X 2. 6 cm transparent plexiglass keys located 3. 8 cm from the top 
of the box and 4, 1 cm^apart. On the lower front, 4*5 cm below the upper 



6' , . * • 



tbrce keys, •was one long key. ^.6 cm x 30 cm. The upper three keys 
*wefe hif&ed at the ^V'-^^? microswitches on the opposite side. 

Each njlcrosWUch was Activated by the movepient of the plexiglass key. 
'The long key was a strip of glass with an electrically conductive surface* 
' * (?|esa glass). . Tht Nesa glass- was e^9he.d into five 2. 6 cm x 6 cm elec- 
• trically disUnct aoreas. An Efco Touch Switch, which was a<;tiyated when 
the glass was toucheti, was connect<^d lo each of five areas. Behind each 
of the upper three keys and the five areas along the lower long key was a 
One- Plane -Readout Projector which projected the stimuli, All»3tixnulus«'^* 
events and recording of data werotautomatically controlled by electro- 
mechaniSal equipmofit housed in another room. 

■ ^w- 

rlie'pretraining and training stimuli^re illustrated in Figure 1. 

( .A . _i 



, r>y-. 






J^9uro t. Stimuli used for pretDining and traming. ProgrtslWely flatter ellipses served as the 
training stimulus dimlnsionVor all subjects, with these ellipses also .serving H the 
pretraining stimuh for the ptediscrimination group and th^ometric shapes serving 

• as pretralning sUmuli forMhe nonprediscrimination group. 
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During training and testing, the experimental stimulus continuum for all . 
subjects was ellipse height. Fromcthis dimension,, five progressively . 
flatter^ ellipses ranging from a circle to a nearly flat ellipse served a^-the 
experimental valuejj. For pretraining, sut/ects received disSrimioation 
training of either these fiye ellipees '{the prediscrinAnation condition) or, 
for control purposes, five nonelliptical geomqtrjq s^.^es (the •nonpreais- 
crimination condition). *, • # ^' 



Procedure ' ' * S 



Subjects were escortetf%rom a playi^om \o the oxp6ripient^tl-roj)m. 
Each chUd was seated before thej^pyicirxi'-^ri^al box'a^d told th^ during. 
^thk^-gaittiraTiyt^ime they were right they #ould hear, a bell' chime a'hd they 
would. get an MJ5«M. If all three experimental stages wei;e not completed 
by the end of 30 rjninute^s,. then the suhjects,we»^e asked to return the next* 
day to complete Jhe.game, . ^^"^ * * , / • 

A , 

Pretraining, Each child was assigned randomly to either the predisr 

*■ * * . - 

crimination or^ncrprediscrimination group. At the beginning of*each trial 

for both groups, one of five gatfmetric shapes, determined by s^, randomized 
sequence wired on a stepp'er, was presented on the upper'center kfey. For 
the prediscriminatlon con'dition these shapes .were ellipses of varying ^ * 
heights (the l^th^of the minor axis); for the*'nonpredlse*j^Inatlpra condi- 
tion the shapes were nonelliptical geometric forms* Subjects were In- 
structed to touch the center picture whidlPresulted in the presentation of 
the coir^parison stimulus^n the r^ight\key while the standard stimulus re- . 
mained on the center Jcoy and the left key remained blank^ The compa^i- 
«on stimulus was either ideiitical to the standard or was one of the other 
four^stimull. Subjects were told t^ touch the comparisorf stimulus if it 
^ matched the center stimulus. If the comparison stimulus was different 
from the standard stimulus, subjects were told to touch the blank left key 

.'~ ■ . ■ 12 • . . ' 

. 8 
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(see Figure 2a)» A response to one of the side keys turned off both the 
sta^ld^rd and comparison , stimuli aftid ii\itiated a 3-second intertrial inter- 
vl*7 If the response was correct, a bell sounded, an MStM was dispensed, 
and a new trial began with a ne^ standard stimulus at the end of the i;nter« 
trial interval, A correction pr^ocedure was used in which if any incorrect 
choices were made, the 3 -second intertrial interval was initiated imme- 
diately and the next trial began witl^ the same standard and comparison 
stunuli. After reaching a criterion of 8 correct responses out of 10, sub- 
jdtts began the next stage'of the procedure,. 

Training, Both grJups received identical training with three positions 
on the response continuum trained to three values from the ellipse c^tinJ^ 
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The errorless technique used was adapted from Touchette's (1971) 



errorless procedure, T^ouchette firct establishes stimulus. contr.ol by a " 

s«lient\cue stimulus, J* ^/Jliis cue stimulus, is then superimposed over the 

positive stimulus (S+), Initially, cue stimului^onset occurs with the onset 

of the S+, but on su<;ces*sive coi^i:ect trials, the onset of the cue is pro- 

' • » ' , • _ 

grcssively dell^yed fro?r <-He onset ^f the S-f* Ihe subjec^,' eventually begins ^ 

to respond before the cue, thereby demonstrating a shift of control from 

this cue stimulus to the S+, When this shift occurs, the subject reaches 

S+,/ r\e sponging with few errors, if any, I ^ 

The present study -began tjiis training with the random projection of one 
of three stimulus values (ellipse I, 3, or 5) onto the upper center key. Sub- 
jects were told to touch this samplfe ellipse and then to find the matching 
ellipse which was npw hidden somewhere behin^ the lower long window. 
Initially, there was simultaneous presentations of the Sample ellipse and 
a re4. cue light on the appropriate corresponding area along the lower 
response continuuiyi, ^Subjects w^re told that this red light tefts them ' 
wliere the matching ^lipse i§ hidden, but that they should try to "beat the 
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red light'' during the game.^ cue stlnjulus'wai manually delayed in 
increments of l/2tsecond following eac\ correct trial; after an incorrect 



trial the red light occurred 1/2 second sponer. Whea the subject touched., ^ 
any response area, the red light was turned off 'and a response^roducW 
Stimulus, thevcllipse corresponding to the area touched,- was projected 
onto that area for 2 seconds. If the subject touched the correct area, kn 
ellipse matching the sample ellipse was projected onto that response ar.ea 
and a bell sounded while an M&?.M was dispensed. After aaintertrial inter- 
val of 3 seconds, the next sample stimulus was projex:ted. When an incor- 
rect response area was touched, the projected feedback eUipse did not 
match*the sample, and following the 3-second intertrial interval, the same 
sample stimulus was presented again (see Figure 2b), Subjects continued 
to respond according to the above procedure until they reached a criterion 
of 8 out of 10 consecutively correct responses without the cue light, .Having 
.reached this criterion, subjects from both the prediscrimination and non- 
prediscrimination groups were randomly assigned to ope of two test con- 
ditions.' 

Testing with a lear ning measure . The rapid learning of stimulus and 
respons.e points ordered along contlnua was gaugcS by comparing the learn- 
ing of ordered stimulus and response points with the learning speed of - 
separate stimulus and response points 5hat have no ordered relationship. 
The present stydy made this comparison by training three points from the 
stimulus and.response contlnUa (Sl-Rl, S3-R3, and S5-R5) and th9n con- ^ 
tinuing to train stimulus and response points intermediate to thesel Hie 
intermediate points either followisd the trained order (S'2-R2 and S4-R4) 
or reversed this order (S2-R4 and S4-R2K (See Figures 3a,and 3b, ) If 
conditions c({nducive to the rapid formation of a continuous repertoire 
were present, then learning the ordered, intermediate stimulus andfVet 
sponse pairings would be facilitated. Any tendency to map responses 
along a continuum to stimuli along a continuum would interfere with the 
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Figure 2a, The ordered test rcflccU ordered pairings of novel stimuli and responses iS2-R2).*nd {S4-R4h 
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Figure 2b The'unordered test rofkits reversed pairmgs of rfiSvel stimuli and responses (S2-R4 and S4- 



R2). 
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Figure 3a. Illustration of pretrafmpg procedural conditions. 



A D 



rtipond to this 
kay if. match 



TRAINING 



Correct Trial 



# 5'tltipM 



area 6 with 
-^fawlback 



Incorrect Trial 



#5anipsa 



area 3 with feedback 



Figure 3b» lllustfatioh of training trials. When tht flat tlllpse appears as the sample stimulus, a corract 
response to the end position generates the corresponding flat ellipse. An rncorrect response 
to th> middle position generates the corresponding tliipse for that area« but this etIifMt dots 
f ^not match the sample. ' • . . . ' 
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^ acquisition of the unordered, intermediate stimulus and response* pairs, 

if conditions necessary^for the -rapid acquisition-of-.a- — 
continuous reportoire were hot present, then the ordered and unordered'* 
tests would be of equal difficulty. The speed or ease with which the 
ordered problem is learned relative to the unordered test would .then indi- 
cate the extent of continuous repertoire development, 

Subject.s began this continued learning task as an extension of the 
training sessions. At the end of the training stage, subje^cts were respond, 
ing appropriately to stimuli 1, 3, and 5 without cue light superimposition. 
TJie cue light Continued to be absent during testing, and all appropriate 
responses continued to be reinfdrced^ The only change from conditions 
present at the end of the training stage was the introduction of two new 
stimulus and response points. Half the prediscrimlnation and'haU the non- 
prediscrimination subjects learned the ordered task in which responses to' 
area 2 during stimulus 2 and area 4 during stimulus 4 were reinforced, 
-The other half of the subjects learned the unordered task in which the 
stimulus and response correspondences were not continuous, where a 
response to- area 2 during stimulus 4 and a response to area 4 during 
stimulus'*2 were reinforced. The acquisition of the stimulus and response 
correspondences continued for both test groups until ther?Avas a block of 
10 trials in which at least 5 out of 6 trials of the new intermediate test 
stimuli and 3' out of 4 trials of the three trained stimuli were corre^'ct, 



\ 

Results. 



Pretraining Results 



- Overall, very few errors were made during discriminatioi>training of 
.the, ellipse dimension. Of the 18 sulyects receiving prediscrimination of- " 
the ellipses, all but two made less than 5 errors, and the other two sub- 
jects'made i and 7 erroVs, Similarly, during discrimination training of 



the irrelevant geometric fijjures, 45 of the 18 subjects made less than 6 
errors, and the other three subjects made' 8, 9» and lO*errors. 

i ■ ' '^ 

Training Results ^ . ^ 

Subjects* trailing performances for the three ellipse- response posi- 
tion joints were analyzed to insure that any test differences were due to 
experimental variables and not to artifacts of sampling. Since all subjects 
received the 5^nie trai\ing, there should \>e no difference between errors 
to criterion^ or trials^tojcjsiterion ^r the training performances. All.sub- 
jects made very few errors during the cue«clelay;er rorles*s training, with 
seven subjects making no errors. Only one subject was rejected for error- 
•ful performance by making more than 10 errors during errorless training, 
r-tes^s comparing group error means and trials, to criterion showed there 
were no differences between the prediscrimination'^and noQpr^disc rimination 
groups or between the ordered and unordered groups durinjg training. This 
homogeneity of group training performances, allowtid aay later differences 
in t«st performances to be attributable to experimental variabVps and not 
to uncontrolled grdip differerices. If, for example; thd ordered test was 
learned more'quicl^ly than the unordered, then ^this tQSl difference would * 
reveal a real-diffe rcnce between the tests and not, a cti^fe.rence resulting 
frorn the ordered-test subjects being pre-experimentally faster learners 

s* i » * 

than the unordered.- test subject?. 

> ^ ^ . / 

'l^st Results for Nontrained Stimulus 

ft,. 

Individual data . Individual results for the ordered ^ncf unor.de r.ed 

tests are sKown in .Figures 4, 5, 6, and 7. Each of thesq^f requency graphs ^ 

shows the response locations for thcJ test ellipses and S4* Since the 

* k , * 

training ellipses, SI, S3, and S5, continued to control the appropriate 

^ ^ . - " ^ . r r 

trained r/csponses during this testing period, individual portraits of the 

■ . r • 

controlling relations for these stimuli were unnecessary* As an example 
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Figurt 6. Individual test data for subject^ who recaivtd prediurimination tramiog and the unordtrKi ttst. 
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Figurt 7, 



Individual test data^ for subjects wh(/(cceived no prediscrimination training and the unordertd 
test. - ^ ^ ' * 



of plotetd response topographies for S/i and S4, refer to subject #19 
(Figure 4), who received the ordered test with reinforcement contingent - 
on a response to area Z for S2 and area 4 for S4« On the first presenta- . 
tion<>f S2, this subject responded incorrectly to area 1« This event is 
represented on the S2 graph, where it is plotted at the coordinates. of 
area 1 on the abscissa and Stimulus presentation 1 on thc^ ordinate* On 
the secpnd presentation of SZ, this subject jnapped correctly to area, 2, 
which is represented by a point at the intersection of .area 2 anS presenta- 
tion 2. On the first and second trials of S4, #19 responded .to area 5 both 
times, but corrected himself by the third trial with a response^to area 4* 



Jhedc i^csults are recorded by plotting on the S4 graph above.area 5 at 
stimulus presentation 1, above area 5 at stimulus presentation 2, and 
above ar^ 4 at stiynulus presentation 3« The remaining test stimuli 
trials show there were no further errors* By counting the points that 
vary from the appropriate areas Z and 4, an error count can be made; in . 
this instance sul?ject #19 m.ade 3 e'pfors* Hiis dispersion of do^s from the 
appropriate positions indlcatca the number of errors to criterion for each 



subject; ' , 

? 

Inspection^of all the graphs reveals variability bebyeen su)>je9t8| as 
well as a lack of any apparent difference between prediscrhnln^tion ahd 
nonprc^dis crimination (compare Figure 4 with 5 and 6 with 7). For exam* 
pie,. for the ordered test» regardless of prior experimental training, there . 
were few errors except for the two prediscriminaticm subjects #29 and #2 
and the two nonprediscriminatlon subjects #17 and #6« This same similarity^ 
across prediscrimination and nonprediscriminatlon groups holds f or \he 

""unordered test where the nonprediscriminatlon subjects #5, #13, #14, #30/ 
and #32 all show numerous errors to criterion and this dispersed response 

pattern Is ♦tso evident for a number of prediscrimination subjects, #4, #9» 
^10, #23, #28, and #3i 
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^ AltKou^jh pretrainingr had no apparent effect, there is a difference be- 
tween test conditi{yis,. The unordered test (Figures 6 and 7)"resulted in . 
more errors and more tvials to criterion than did the ordered test (Figures 

V 4 and 5). In fact, 8 of the IS subjects who had the unordered test were 

unable to reach test criterion, whereas only 2 of those who had the ordered 

. test failed to complete it. (In Figures 4. 5, §, and .7, the subject number 
is underlined- to inaicate those who never reached criterion. ) TIi.us,'.!! 
appears that thtf unordered, no^continuous test problem was -more difficult 
than the ordered test. r.ejjardLss of prior experimental-discrimination 
training. 

* * * * 

4 C.lqse examination of the individual graphs also" reveals that during 

early test trials, responses to the "trained positions closest to the inter- * 
mediate position were most typical. On the-first S2 trial. 92% of the sub- 
jects responded. to -the training positions 1 and 3/ Of the 36 subjects, 19 
responded to area 1, 14 to area 3. . only 2 chose ^josition 5, and 1 touched 
, area 4. On the fi'rst S4 trial, ^rfoi the subjects responded to the 'training 
positions .3 and^S, with 27 subjects responditig to area 5. S to area 3, antl 
''"i^J.^^"^"'*^^^ showing early trial mapping to area 4. 



When responding finally broke.f r pmyhese trai^d- respo|:>?Q topog ra-. ' 
phies» there was no immediate tendency to map responses along a c6a- 
tinuum; Theresas no tendency for an ^rea^2 response to S2. nor for an 
area 4 response to S4. Specificaliy. the first response to a nontraiijed 
area during. S2 was, area 2 ^or 58% of tue subjects and area 4 for 427o. 
Similarly* during S4. the first response after the break from training 
topographies wtfs to area 2 for 50% of the subjects and.area 4 for the^ other 
half.. Clearly, response mapping or an orderly correspondence between 
novel stimulus and response joints did not emerge f-all-blown without > 
training. , ^' ] ^ 

Mean error data^. T)ie data for e/rors on lest stimuli were reduced 
to group means and ptottod to indicate avera^ge trends. In Figure 8 the 
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Tht nitaa*numb«rof'eTfocratttnht1ntroductlon'of~iwvtri^ 
The dif fercnct b«twten the ordered and unordered ftsn appears * 
sigrtifican^ Kross both preditcrimination and no prediKrimioation,^ 
This relationship Is graphed for the test stimuUvxily arKi for all th* 
stimulh during ttsting." 



effect? of pretraming ami tusyCondition corruborato what the individual ~^ 
data revealed. Pbetraimng had no differential effect. buUhe unordered 
test produced more errors and. therefore, was more difficultjo learn 
than the ordered lest, - - ^' y 

. Analysis of variance , A two-way analysis of variance on errors to 
^esl stimuli S2 and S4 supports the above conclusions* fv'either pretrain- 
ing nor the interaction of th^ variable with the two different test conditions 
showed even a. glimmer of significance, while the analysis of the diffe^renee 
betNveenthe two test conditions provecj^ to be significant afthe^.Ol level of 
probability. ^ . y ' . 

» 

Results for All Stimuli - ' ' , 

. . Summary graphs of the testing data show the percentages of total re« ^ 
s^onses at each response position during each of the fi\ e stimuli, ^ Each 
point indipates the degree of control by one of the five stimuli over re- 
sponding; to that position. In Figure ,9a th^ese percentages ate plotted for 
all test trials. In order to trace the development of stimulus controrby 
the ne\# intermediate test stimuli S2 and 54, the first 15 trials were plotted 
in Figure 9b^for comparison with graphs of all, test trials, • 

TRese graphs show^the continued stimulus control by the training 
stimuli, especially the end values. For PvXample, 100% of Uie responses ' 
during SI were at the appropriate position 1, iind 95^«^f t^c responses 
durmg S5 wore at the appropri^itc position 5 (Figure Va), Across all thp 
j»ra'phs, S3 demonstrates less control to its corresponding response posl* 
tion thanUhe end traininj* stirnuU, as would be expex^ted based on the simi- 
larity S3 has with both* intermediate test stimuli SZ and S4, ^ 
f * . 

Since the unordered test took longer to lesgrn than the ordered,. there 
is evidence that rqgardldss of experimental pretraining, subjects \vtr(J 
atble to learn a continuous repertoire more rapidly than five unrelated 
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Figort 9«. Fof atl test tri«!i, functions for ti<^ of tht Stimuli showing ptrotntMt 
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.-stimulus and response pairs* A comparison of ear.ly test trials may eluci- 
date' reasons for this difference in learning rate* One might have expected ^ 
that the^delay in learning the unordered pijdblem is due to a tendency to ^ 
order responslgjs along the stimulus continuunri. Hie early, unordered test 
Results compared to the ordered tes^t (Figure 9b3 shows^ only that the unor- ' 

,dered produced moretp<?,rsistent respondimj to training positions. , Specifi- 
cally, in the first 15 trials the unordered ptoWem shx>ws* the greatest pro- 
portion of responses during SZ to area 3 and during S4 to area 5; whereas 
the ordered problem, even within the first 15 trials, is learned more quickly 

with, for the most part, the new stimuli, Sft and S4, controlling appropriate 

t 

intermediate responding. These data" again indicate that xnapping responses 
to a stimulus continuum must be learned, and that it is easier to learn a 
response order in accordance with a stimulus order rather than separate, 

noncontinuous stimulus and response pairs. 

^-^^ 

Discussion 

When conditions are right, a fine-grained or continuous repertoire 
develops rapidly. The right conditions seem to be presence of discrimi- 
nated feedback and limited extinction to new points along the stimulus andy 
response continua. The present data showet* that after errorless training 
of a few stimulus and response points with discriminated dimensional feed- 
back, .subjects were able to learn new stimulus and response points that 
were continuously ordered (S2-RE and S4-R4) with fawer errors and thus 
more rapidly than subjects who learned new stimulus- response points that 
were unordered (S2-R4 and S4-R2). This difference demon^rated" a con- 
tinuous repertoire since the ordered points should be easier to learn to the 
extent that conditions conducive tp a continuous repertoire were jjresent. 

The data suggested that each new poinf in a continuous repertoire must 
be trained. After training three responses to three stimuli from stimulus , 
and response continua, early trials of the new intermediate stimuli failed 
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to show intermediate responding. Only after reinforcing intermediate 
responses in the presence of intermediate stimuli did this finer response 
mapping to. the stimulus continuum develop. . : ^ * 

Intuitively, it is coAipelJing to expect the emergence of intermediate 
responding to intermediate stimuli after training a few representative 
points from stimulus, and response dimensions. However, tho pr^isent - " 
findings are most compatible. with the usual interpretation of stimulus 

-confrbl results when a single response is used. t?When a stimulus is varied 
as^'in tests of stimulus generalization, the rate of the response may de- 
crease from the rate found in training; but there has been no provision in 
stimulus control theory for the response to vary .as^e-^timuto vaTrieT^ 
from the original trained value. This study, as well as earlier studies^. 

_a,^se88ing^-infermediate responding, provoke ho revision of the traditional 
view of stimulus control. * <^ < 

llie fo^Us-of this study can be contrasted with previous attempts to 
show a continuous repertoire. Earlier research addressed itself. to tneas- 
uring the extenrt to which nontrained, intermediate stimulus and* response 
associations were learned during original training of a few representative 
> points from stimulus and response continua. Testing in extihction.then 
would show intermediate responding to intermediate stimuli if it had been 
acquired without explicit training during original training. But n^ne of 
the research found this. emergence of fine-grained continuous repertoires; 
inste_ad,_intermedlatej5ti^ only those topographies that had been 

Ureqtly trained. Given that a fine-grained, continuous repertoire muit^^ 
be trained, the present research asked a different questlon-.under what 
conditions would the acquisition of a continuous repertoire be rapid? With 
this focus, a learning test or testing with reinforcement was necessary. 
rt\t learning test showed that with an errorless training procedure.^d 
dimensional feedback, ordered stimulus and response points are easier 
to learn than unordered ones. Since all continuous repertoires are 

25 . ' J 
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characterised by the correspondence of ordered stimulus and response 
points, or the orderly scaling of responses to a stimulus continuum.- what 
maybe leairned in training is a concept of stimulus and response order 
which,' along with, dimensional feedback. Cpr adjusting responses, |peeds 
up latter learning of new points from the contirtua. ^, ^ 

Even though the.-present study successfully demonstrated.the rapid 



learning of a continuous^^r^p^ to 
whicJb^scr4minatfon training of the stirr\ulus continuum alone affected 
acquisition rat%* The dat^ show that pretraining had no differential effects* 
Subjects without discrimination training 4earned the ordered test as easily, 
and , the unordered test with the same difficulty, as those -subjects \yith pre- 
discrimination training. Since the difference between the ordered and un- 
ordered tests indicates continuous repertoire development, a continuous 
relationship was learned rapidly, even without relevant predis crimination 
training. But pretraining of Values from the, stimulus continuuxri m^y still 
be a necessary condition for learning a continuous repertoire since it is 
apparent from the few pretraining errors that these ellipse values Were 
already discriminated. If the discrimination had been more difficu**., then 
perhaps differential pretraining would have resulted in rapid learning of 
new points for Khe pr edlscrimination group only. * 

The pr*esent study emphasizes the potency of prediscrimination train- 
ing under optimal conditions for rapid learning, that is, under errorless 
training_an<Ljdimensional' feedback conditions. Consequently, Beyond pre- 
training, these other two conditions^ to varying degrees, may affect con- 
tinuous repertoire development. Since extinction of intermediate responses 
and extensive training may hinder the later learning of intermediate stimu- 
lus and response points, the present study lessened this possibility by using 
errorless training, It is hardly, surprising that earlier research failed to 
show appropriate new responses during^tasts with novel stimuli because 
these responses .were extinguished during training and extensive training 
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anchored responses to trained topographies. In the present study, error- 
less training, .f£rJhj|,Tno§t„p2^.t^p^ errors during training to inter- ^ 
mediate ^responses, as well as speeded up training. With no extinction of 
novel, intermediate responses afid a reduced tendency, for stereotyped 
responises through quick training, the probability of intermediate respond- 
ing was not recfuced and, consequently, later learning of new, intermediate 
values could occur more rapidly. However, errors may in fact significantly, 
^facilitate lea^^nlng If discrlmlnable feedback is provided. In the present 
^experiment if learning had proceeded With errors and each error had pro- 
duced dimensional /feedback, then under these conditions subjects c6uld 
haVe "learned from their errors. ^\ They could learn how wrong or how^ 
r^ight each response was and adjust subsequent responding accurately* Hie 
significance of this kind of feedback should not be overlooked, yetits'func* 
. tlon in the experimental analysis of fine-grained repertolrels remains, un- . 
^explpred. ; v . * 
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